Chloroplasts isolated from taDl fescue, Festuca arwudinacea Schreb., showed high rates of electron transport, comparable to rates observed for spinach chloroplasts.
This report, as a preliminary study of the relationship between genome content and biochemical aspects of photosynthesis, presents a characterization of the photosynthetic electron transport system of the hexaploid tall fescue. Comparisons are made with the reported photosynthetic activities in isolated spinach chloroplasts and isolated maize tissue, two systems that have been examined extensively.
Because ploidy level has been shown to affect leaf morphology (19) , isolation of envelope-free chloroplasts can eliminate many variations due to physical differences; thus, direct comparison of genotypes can be made. The isolation procedure for fescue appeared difficult because the cell walls are highly silicated (27) and vegetative growth is coarse. Yet, when young, soft, actively growing tissue is harvested, little starch is isolated with the chloroplasts. Rates of electron transport and phosphorylation from this tissue are high and consistent.
The results presented here show that optimal conditions for electron transport in fescue chloroplasts are similar to spinach chloroplasts. Measurements of changes in 02 concentration for PSII were 300+ tmol 02/h. mg Chl, for PSI were 1,000+ t,mol 02/h-mg Chl, and for both photosystems in sequence were 30+
Pmol 02/h. mg MATERIALS AND METHODS Plant Material. Tall fescue (Festuca arundinacea Schreb var. KY-3 1) was grown from seed in the growth chambers at 25 C during a 14-h day (400 ILE m-' s-') and 20 C during a 10-h night.
All plants were fertilized biweekly with a commercial fertilizer .
Isolation of Chloroplasts. Fully expanded leaves were excised from the upper 10 to 15 cm of young, actively growing plants. Five g, fresh weight, of leaf material was washed two times with distilled H20 and cut with shears into I to 2 mm segments. These segments were ground at 0 to 4 6, 14, 15 ). pounds and reaction mix are described in Figures 1 As the concentration of PDox was increased, 1 transport becomes saturated. This was not DCBQ (Fig. IA) (Fig. 1B) Figure 3 shows that maximal electron transport rates of the two photosystems in sequence H20 to MV, were 30+ ,umol 02/h-mg Chl, almost identical to the rate recorded of H20 to ferricyanide. Since the rates of the two systems were so low, titration of final acceptor MV and pH variations were performed on the uncoupled systems (+MA). Optimal conditions were near pH 8.0 and 100 /LM MV resulted in rates 200+ ,umol 02/h . mg Chl. When the assay was coupled and run for longer than 2 min, 1.0 mm KCN was added to eliminate the nonlinear uptake of 02 due to catalase activity. When ADP and Pi were added for the P:2e measurements (Table I) , rate of 02 uptake was increased to 100+ ,umol 02/h mg Chl. Figure 4 shows light saturation curves for each photosystem as well as for the two systems in sequence. Separately, the photosystems saturated at about 35% available actinic light intensity (6, 000 ,uE/m2s), but in sequence, electron transport was saturated at almost 15% available light.
Results presented in Table I show P:2e for each photosystem to be between 0.5 and 0.55. This ratio corresponds to accepted values of 0.4 to 0.6 (5, 13, 15) . When the water to MV assay was performed in the presence of ADP and Pi, rates of electron flow were about one-half the maximal uncoupled (+MA) rates. )2 evolution, and PSI C (12, 22) . However, we found poor rates of electron transport as a function of light when older tissue was used to isolate chloroplasts. A possible noncentration of com-explanation for these rates may lie in the poor physical condition 2, and 3.
of the isolated thylakoids due to the increased starch content. Wilhelm and Nelson (26) also found poor rates of CER in older the level of electron leaves of tall fescue, regardless of genotype. Comparison of the the situation with maximum rates in fescue to those reported by Ort and Izawa (14, imal concentration, 15) and Hardt and Kok (7) indicate that fescue chloroplasts are DCBQ. Both accep-capable of performing equal to spinach chloroplasts. Unlike spintions of DCMU, a ach, fescue can be harvested for study and new tissue will regrow 20), with over 90%o quickly. Ll pH conditions are When PSII was examined, it was found that while both lipog (+MA) exhibiting philic acceptors of PSII, DCBQ, and PD.., gave excellent rates of electron transport under optimal conditions, rates decreased as the assay, had maximal DCBQ concentration was increased beyond the optimum. This Optimal conditions decline may be due to the inhibition of electron flow by reduced (Fig. 2) . Ascorbate DCBQ (Guikema, personal communications) but confirmation of nulation of oxidized this decline can be found in work presented by Trebst et al. (22) icated with several where 100 lM DCBQ was found to inhibit NADP reduction as was less than 5%. well as O2 evolution.
i flow was decreased When PSII electron transport was assayed in the presence of uptake of 02 by the DBMIB (Table I) , only partial inhibition ofelectron transport and ,significant (15, 24 (21) . PSI assay exhibited a high electron transport rate but when P:2e measurements were made in the presence of DCMU and SOD, ratios were consistently found to be near 0.5. Rates of cyclic phosphorylation, using pyocyanine, were the same as the noncycic assays, corresponding almost identically to results found with spinach (28) . The control rate of cyclic phosphorylation presented by Lilley and Walker (10) of 547 ,umol ATP/h . mg Chl was similar to the DAD to MV PSI assay, 554,mol ATP/h-mg Chl.
The assay for PSII plus PSI coupled to phosphorylation (Table  I , Fig. 2B ) exhibited a very low rate of electron flow, probably due to the rate-limiting step between plastoquinone and Cyf (8) . When the reaction was uncoupled (Fig. 3B) , the rate was increased over 4-fold, lending further evidence to support the suggestion that the associated phosphorylation step is the rate-limiting reaction (8) .
The next research step is to apply this characterized system to varying genotypes of tall fescue. Previous work has shown that photosynthetic activity varies with genotype in tall fescue (25, 26) . Randall et al. (16) , using the same genotypes as above (25, 26) , have correlated increasing ploidy to increasing RuBP carboxylase activity. Other work with this ploidy series indicates that net photosynthesis rates increased with ploidy level (9) . Because an increase in chromosome number usually adversely affects physiology of higher plants (19) , this model system in fescue could lead to an explanation of gene dosage effects or to specific factors, i.e. chromosomes, that directly affect the photosynthetic activity without the influence of diverse or altered leaf morphology.
